Informal settlements in rapidly-growing African cities are urban and peri-urban spaces with high rates of formal unemployment, poverty, poor health outcomes, limited service provision, and chronic food insecurity. Traditional concepts of food deserts developed to describe North American and European cities do not accurately capture the realities of food inaccessibility in Africa's urban informal food deserts. This paper focuses on a case study of informal settlements in the Namibian capital, Windhoek, to shed further light on the relationship between informality and food deserts in African cities. The data for the paper was collected in a 2016 survey and uses a sub-sample of households living in shack housing in three informal settlements in the city. Using various standard measures, the paper reveals that the informal settlements are spaces of extremely high food insecurity. They are not, however, food deprived. The proximity of supermarkets and open markets, and a vibrant informal food sector, all make food available. The problem is one of accessibility. Households are unable to access food in sufficient quantity, quality, variety, and with sufficient regularity.
Introduction
With the rapid growth of Africa's urban population, has come an explosion of informal settlements on the fringes of most cities, what Doug Saunders optimistically refers to as "transitional spaces" or "arrival cities" and UN Habitat more pessimistically designates as "slums" [1, 2] . These impoverished residential areas of cities have been seen as the product of "disjointed modernization" in which urban population growth outpaces urban economic and institutional development as well as government failures to proactively manage urbanization [3] . In sub-Saharan Africa as a whole, nearly 60% of the total urban population now lives in informal settlements. However, there is considerable inter-country variation [2] . At one extreme there are countries such as Sudan and Central African Republic with over 90% of the urban population living in informal settlements. In Southern Africa, Mozambique has the highest proportion of its urban population in informal settlements, at 80% [4] . South Africa, with a long history of informal settlement demolition in the apartheid era, is one of the lowest at 23% [5] . The country of Namibia, which was controlled by South Africa until independence in 1991 and had a similar history of draconian controls on urbanization, now has 39% of its urban population residing in informal settlements [6, 7] .
Informal settlements in African cities are urban and peri-urban spaces with high rates of formal unemployment, grinding poverty, heavy reliance on the informal economy, poor health outcomes, very limited basic services provision, and heightened vulnerability to climate change [8] [9] [10] [11] [12] [13] [14] [15] . They are also generally areas with high levels of individual, household, and community food insecurity [16] [17] [18] [19] . One study of 12 African countries, for example, found that at least 40% of the urban population was energy-deficient [20] . The prevalence of hunger was highest in Ethiopia, at 90%. Another study of 6,453 low-income households in 11 African cities conducted by the African Food Security Urban Network (AFSUN) found that 57% were severely food insecure and only 17% were completely food secure [21] . In some of the cities over 70% of households were severely food insecure. Studies of informal settlements in other cities have also found extremely high rates of food insecurity. In two large Nairobi informal settlements, for example, only 16% of households were food secure [22, 23] . In Maputo's informal settlements in Mozambique, just 5% of households were completely food secure [24, 25] .
In this paper, household and community food security is defined, following the recommendation of the 1996 World Food Summit, as follows: "Food security, at the individual, household, national, regional and global levels (exists) when all people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life" [26] . There is considerable debate in the literature on how best to measure food security [27] [28] [29] [30] [31] . Here we adopt the well-tested non-anthropometric measures and methodology of the FANTA Project [32] [33] [34] . The concept of food deserts is both more recent and much less expansive geographically. The concept emerged in the United Kingdom and North America in the 1990s to describe food-deprived inner-city neighborhoods [35, 36] . In this context, food deserts are conventionally defined as "areas of relative exclusion where people experience physical and economic barriers to accessing healthy food" [37] . In much of the literature on food deserts in European and North American cities, however, the presence of a food desert has come to be associated with the absence or presence of supermarkets. This narrowing of the concept makes it clearly inappropriate for informal areas of cities in the Global South for at least three reasons.
First, residents of informal settlements rely on a variety of informal market and non-market sources of food both within and outside their residential areas. Supermarkets are far from being the only, or even the main, source of food in African cities [38] . Where they do exist, they tend to be located in more affluent parts of cities [39, 40] . Second, despite their distant geographical location, upwards of 90% of the residents of poor areas of Southern African cities purchase food at supermarkets [41] . The typical purchasing pattern is to travel to more distant supermarkets to purchase staples in bulk (especially cereals such as maize flour and rice) once per month. In other words, supermarket patronage meets a basic daily staple food need but does not necessarily lead to a more diverse or nutritious diet. Third, the association of food deserts with the physical absence of supermarkets ignores the fact that most African cities have vibrant and dynamic local informal food sectors [42] [43] [44] . Households in informal settlements tend to rely on informal food vendors for most of their immediate food needs. In this paper, we therefore use an expanded definition of food deserts which links them to the definition of food security above, and defines them as poor, often informal, neighborhoods characterized by high food insecurity and lows dietary diversity, with multiple market and non-market food sources but limited household access to food [45] .
This paper focuses on a case study of the informal settlements of the African city of Windhoek, the capital and largest city in Namibia. In this paper, we analyze data from a 2016 household survey of Windhoek to examine the current state of the city's urban food deserts, with a focus on the food purchasing behavior of households in the city's informal settlements. The first section describes the growth and location of informal settlements in Windhoek, as well as the demography and socio-economic status of the residents of the settlements. The second section presents the survey methodology and describes the sub-sample of informal housing households used in the analysis. The ensuing sections present the results of the survey. The first looks at levels of food security and shows that like many informal settlements in African cities, the residents survive in a situation of extreme vulnerability to food insecurity. The second shows that these food insecure households in the informal settlements have high rates of supermarket patronage. The apparent contradiction is because they are largely target shoppers, only patronizing supermarkets to buy staple cereals in bulk at monthly intervals. The final section addresses the role of the informal food sector in the informal settlements, arguing that although it improves accessibility to more nutritious foods, households remain mired in the city's food deserts.
Windhoek's Informal Settlements
Namibia is urbanizing at a rapid rate and outpacing formal housing delivery [6] . Informal settlements are growing quickly in all urban centres [7] . Nationally, at the time of the 2011 Census, there were approximately 80,000 urban households in shacks, a number projected to grow to over 530,000 by 2031 [7] . Windhoek had a total population of 322,500 in 2011, a 36% increase from the previous census in 2001. Shack housing made of corrugated iron predominates in all the informal settlements. One third (or 27,000) of all residential units in Windhoek were shacks, a 90% increase from 2001. Windhoek's informal settlements are located in the four north-western constituencies of Tobias Hainyeko, Moses Garoëb, Samora Machel, and parts of Khomasdal North. Between 2001 and 2011, the population increase was as high as 77% in Moses Garoëb and 69% in Samora Machel, primarily as a result of in-migration from rural areas [46] . Table 1 provides basic information on demography and service provision in the three main areas of informal settlement. The total number of households was nearly 40,000 with 143,000 household members. Nearly 30% of the population were children under the age of 15 while over two-thirds were working age adults. In the informal settlements, the proportion of households in shacks varied from 37% in Samora Machel to 71% in Tobias Hainyeko. The informal settlements continue to grow through spatial expansion and densification [47, 48] . Between 2012 and 2016, an additional 15,000 shacks were built, i.e., around 3,500 new structures per year [49, 50] . While most households have access to public piped water, accessibility to electricity, private toilets, and garbage removal is much more limited [51] . Formal unemployment in all three areas was close to 40% in 2011. Levels of unemployment were highest for females and poverty is most severe for female-headed households [47] . Males have higher rates of formal employment than females, but work primarily as manual laborers in sectors like construction [52] . Jobs in the formal sector are sparse for women, so many turn to the informal sector to earn income. Previous studies of the quality of life in the informal settlements indicate that levels of absolute and lived poverty are extremely high and that this, in turn, is related to poor health outcomes (including child stunting and underweight) and a high incidence of food insecurity including a diet deficient in both quantity and quality [52] [53] [54] . A survey in 2007-2008, for example, found that three-quarters of households in the city's low-income areas were severely food insecure and only 6% were food secure [52] . Dietary diversity was also very low with foods eaten from an average of less than 5 of 12 possible food groups in the 24 h prior to the survey. A more recent survey of a sample of over 400 households in various informal settlements found that two-thirds were food insecure [53] .
Windhoek's burgeoning informal settlements certainly qualify as urban food deserts in terms of the revised Africa-specific definition provided above: i.e., they are poor, informal, urban neighborhoods characterized by high food insecurity and low dietary diversity. What is less clear is whether they have multiple market and non-market food sources as per the definition. In terms of the main food sources, previous studies suggest that low-income households in Windhoek purchase most of their food from a combination of formal and informal retail outlets-including supermarkets, informal markets, street vendors, and tuck shops [52] . With urban agriculture almost non-existent, the primary non-market source of food is rural-urban food transfers [55] .
Research Methods
The data for this study comes from a city-wide household survey of the City of Windhoek conducted in August 2016 as part of the ongoing research program of the African Urban Network (AFSUN) and the Hungry Cities Partnership (HCP). The survey instrument was developed by AFSUN and HCP and mounted on tablets through a modified computer-assisted personal interviewing open data toolkit (ODK). The city-wide survey interviewed a total of 863 households, drawn from all 10 constituencies, using a two-stage cluster sampling design. First, a total of 35 primary sampling units (PSU) were randomly selected with probability proportional to size (PPS). The PSUs were selected from a master frame developed and demarcated for the 2011 Population and Housing Census. The second stage involved systematic sampling of 25 households in each of the selected PSUs. In each household, the head or their representative was interviewed after informed consent. For the purposes of this paper, a sub-sample of 431 households in informal settlements was extracted from the overall sample of over 800. All these households were resident in informal (shack) housing in the relevant constituencies.
The survey collected data on household demography and economics, levels of food security, the type and location of food sources, and the purchasing strategies of households. To assess the prevalence and levels of household food insecurity, the survey used three indicators developed by the Food and Nutrition Technical Assistance (FANTA) project [28] as follows: (a) the Household Food Insecurity Access Score (HFIAS) which is a continuous measure of the degree of food insecurity in the household [32] . An HFIAS is calculated based on answers to nine frequency-of-occurrence questions and ranges from 0 (completely food secure) to 27 (completely food insecure); (b) the Household Food Insecurity Access Prevalence (HFIAP) measure uses a scoring algorithm to categorize households into one of four categories: food secure, mildly food insecure, moderately food insecure, and severely food insecure (Coates et al. 2007 ); and (c) the Household Dietary Diversity Score (HDDS) which captures how many food groups from 0 to 12 were consumed within the household in the previous 24 h [33] . Household food purchasing patterns were identified using the Hungry Cities Food Purchase Matrix (HCFPM) which identifies where households normally purchase a range of up to 30 common food items, the frequency of purchase, and the geographical location of the source [56] .
Food Insecurity in Windhoek's Food Deserts

Levels of Food Insecurity
The survey results reveal extremely high rates of food insecurity amongst households living in shack housing in Windhoek's informal settlements. The mean household HFIAS score was 15.4 which is very high by most standards. For example, a study of over 6000 households in low-income neighborhoods in 11 African cities by AFSUN found an average HFIAS of 10.0. Even Harare in Zimbabwe which was in the middle of a severe economic crisis at the time had a mean HFIAS of 14.7 [57] . In Windhoek, the mean HFIAS was 9.3. In another study of Lilongwe in Malawi also focused exclusively on informal settlements, the mean HFIAS was only 10.3 [58] . Two-thirds of the households in the Windhoek informal settlements had an HFIAS of 15 or greater, and a quarter an HFIAS of 20 or greater ( Figure 1 ). exclusively on informal settlements, the mean HFIAS was only 10.3 [58] . Two-thirds of the households in the Windhoek informal settlements had an HFIAS of 15 or greater, and a quarter an HFIAS of 20 or greater ( Figure 1 ). The high HFIAS scores translate into very high prevalence of food insecurity on the HFIAP classification. Only 6.2% of households classified as completely food secure, while 81.2% were severely food insecure. To put these extremely high levels of food insecurity into context, Table 2 compares the Windhoek findings with those for the whole Windhoek sample (including the informal settlements) which found that 16.4% were food secure and 67.1% were severely food insecure. Other comparative benchmarks include the AFSUN study in which 57% of low-income households were food insecure [21] . The Lilongwe informal settlements study also found high levels of severe food insecurity, but the proportion of severely food insecure households was lower (at 72%) [58] . Of the four basic types of household structure, nuclear households were the most food insecure with an HFIAS = 16.9, followed by female-centered households (HFIAS = 15.6), extended households (HFIAS = 14.9), and finally male-centered households (HFIAS=13.9) ( Table 3) . Nuclear households are the most food insecure because they tend to be larger in size with more young dependents. However, while there are variations in the prevalence of food security by household type, the overall picture is of ubiquitous food insecurity with well over 80% of households severely food insecure in The high HFIAS scores translate into very high prevalence of food insecurity on the HFIAP classification. Only 6.2% of households classified as completely food secure, while 81.2% were severely food insecure. To put these extremely high levels of food insecurity into context, Table 2 compares the Windhoek findings with those for the whole Windhoek sample (including the informal settlements) which found that 16.4% were food secure and 67.1% were severely food insecure. Other comparative benchmarks include the AFSUN study in which 57% of low-income households were food insecure [21] . The Lilongwe informal settlements study also found high levels of severe food insecurity, but the proportion of severely food insecure households was lower (at 72%) [58] . Of the four basic types of household structure, nuclear households were the most food insecure with an HFIAS = 16.9, followed by female-centered households (HFIAS = 15.6), extended households (HFIAS = 14.9), and finally male-centered households (HFIAS=13.9) ( Table 3) . Nuclear households are the most food insecure because they tend to be larger in size with more young dependents. However, while there are variations in the prevalence of food security by household type, the overall picture is of ubiquitous food insecurity with well over 80% of households severely food insecure in each category. As many as 77% of the household heads said that they worry about not having sufficient food and 60% that in the previous month there had been times when there was no food of any kind in the house due to a lack resources to purchase it. Nearly half had experience of going to bed hungry because there was no food in the house and 40% had gone a whole day and night without eating anything. Food shortages led to eating fewer meals (71%) and eating smaller meals (70%). 
Quality of Household Diets
In addition to insufficient food, the quality of the diet in the informal settlements is very poor. The mean HDDS for all the households in the informal housing sub-sample was only 2.6, meaning that on average households had eaten food from less than three food groups in the previous 24 h. A total of 63% of the households had an HDDS of 2 or less and 97% had an HDDS of 5 or less (Table 4 ). An HDDS of 5 is generally considered the absolute minimum for a nutritionally adequate diet. While there was some variation by household structure, from a low of 2.5 for female-centered households to 3.0 for extended households, the values for all four groups indicate extremely limited dietary diversity (Table 3) . Table 5 shows which food groups had been accessed by the households. The overwhelming majority (95%) had consumed one of the staple cereals that are core to the daily diet-maize meal, rice, pearl millet, pasta, or wheat (in the form of bread). Around a third were able to supplement the staple with meat (beef, chicken, or offal) and nearly a third had eaten some fish. Around 22% had been able to consume some vegetables but apart from non-nutritious commodities such as sugar and tea/coffee and food made with oil, little else had been consumed by many households. Dairy had only been consumed in 8% of households and fruit in only 2%. 
Sources of Food in the Deserts
Supermarkets
A classic western city food deserts argument would implicate the absence of supermarkets as a key culprit in the state of food insecurity and poor diets of households in the informal settlements of Windhoek. However, the city has undergone a mini-supermarket revolution in the last two decades and there are now over 30 supermarkets (Figure 2 ) [59] . The majority of the supermarkets are owned by companies from the neighboring country of South Africa, with one local chain, Woermann Brock (WB Supermarkets). While most supermarkets are located in higher-income areas in the center and south of the city, there are a number of budget outlets towards the north of the city. There are no supermarkets within the informal settlements per se but this does not necessarily mean that they are inaccessible to residents of these areas. As Table 6 shows, the vast majority of households in the informal settlements purchase food at supermarkets (at 93% of surveyed households, far more than for any other type of formal or informal outlet). The importance of spatial proximity is confirmed by the fact that the most patronized supermarkets are virtually all located in the northern part of the city. The spatial accessibility of supermarkets to residents of Windhoek's food deserts suggests that their presence is having little impact on the high levels of food insecurity and dietary diversity. The reasons for this are threefold. First, budget supermarkets close to low-income areas carry a very limited range of products including minimal fresh produce. Second, while supermarkets are spatially accessible, their products may be economically inaccessible to the majority of households on limited income. Third, households tend As Table 6 shows, the vast majority of households in the informal settlements purchase food at supermarkets (at 93% of surveyed households, far more than for any other type of formal or informal outlet). The importance of spatial proximity is confirmed by the fact that the most patronized supermarkets are virtually all located in the northern part of the city. The spatial accessibility of supermarkets to residents of Windhoek's food deserts suggests that their presence is having little impact on the high levels of food insecurity and dietary diversity. The reasons for this are threefold. First, budget supermarkets close to low-income areas carry a very limited range of products including minimal fresh produce. Second, while supermarkets are spatially accessible, their products may be economically inaccessible to the majority of households on limited income. Third, households tend to target shop at supermarkets on an infrequent basis. Nearly three-quarters of the surveyed households patronize supermarkets on a monthly basis. Only 10% of households shop at supermarkets with any regularity (weekly or more frequently). This raises the question of what foodstuffs these informal settlement households are buying when they go to supermarkets. The HCFPM provides a product-by-product analysis which shows exactly where households purchase various foodstuffs [56] . Table 7 shows the top 10 food products (i.e., purchased by the greatest number of households in the month prior to the survey). What stands out is that all of these products were bought by at least 20% of purchasing households at supermarkets. Supermarkets were also the primary source for healthy foods such as fruit (76%) and vegetables (56%). However, the proportion of households buying these products is low. Supermarkets completely dominate the purchase of cereals-including mealie meal, rice, and pasta-with over 90% of households buying these staples at supermarkets. The pattern of monthly shopping suggests that they buy these products in bulk. Thus, most households rely on supermarkets for their staple food and while this may mean that they are more food secure than they might otherwise have been, the quantities purchased certainly do not ensure food security, and they certainly do not guarantee a diverse and nutritious daily diet. 
Informal Food Sector
The informal food sector has been identified in many African cities as a playing a key role in delivering affordable food to low-income households [45] . In Windhoek, informal retailing has expanded in volume and complexity with the rapid growth of the city. The sector is characterized by several different types of enterprise including: (a) tuck shops which are small informal shops in fixed structures located primarily in informal settlements; (b) mobile vendors selling door-to-door or from the back of small trucks; (c) street vendors on sidewalks, at transport hubs, and outside supermarkets. Clusters of street vendors in various areas are known as informal markets; and (d) open markets which are formally established and approved by the city authorities. The municipality is responsible for fee collection from informal vendors who pay rent for market stands, security, cleaning, sanitation facilities, and maintenance.
Of these various sources, open markets were patronized by almost 60% of surveyed households in the informal settlements in the month prior to the survey, street sellers (including informal market vendors) by just over a quarter and tuck shops by 14% ( Table 6 ). The city's nine open markets are located in close proximity to the informal settlements. One of them, Tukondjeni, is the preferred market for 46% of the informal households. Other well-patronized markets include Single Quarter (preferred by 25% of households), Soweto (by 10%) and Okahandja (by 8%). Almost half of those who shop at open markets do so on a weekly basis and another 15% almost daily. The main products bought at the open markets are meat, fish, and vegetables (Table 7) . They therefore do play an important role in making more nutritious foods available for those households that can afford the products.
Street sellers and tuck shops are patronized much more frequently than either supermarkets or open markets, on an almost daily basis in many cases (Table 7) . This is mainly because they make food available within walking distance in the informal settlements themselves, break bulk to sell in small and affordable quantities, and offer food on credit to trusted customers. Tuck shops meet local demand for bread and for offal, while street sellers provide fish, meat, and offal. Both of these informal retailers therefore play a role in making a greater range of food available and accessible within the informal settlements. However, their presence is insufficient to mitigate chronic food insecurity as households are only able to patronize these outlets when they have sufficient income or do not have enough income to purchase enough to lift themselves out of a situation of severe food insecurity.
Absent Urban Agriculture
In some African cities, poor households are able to mitigate food insecurity through non-market mechanisms such as urban agriculture, urban livestock, rural-urban food remittances, and food sharing. In theory, urban agriculture has the potential to mitigate food insecurity and diversify diets in Africa's urban food deserts. However, the evidence on the success of urban agriculture in achieving these goals is extremely mixed. In many Southern African cities, rates of participation in urban agriculture by the urban poor are extremely low [60, 61] . In informal settlements, where land is at a premium, urban agriculture is even less feasible. An earlier study of urban agriculture in Windhoek gave the impression that the city was an exception [62] . However, the study only interviewed a small sample of households that were practicing urban agriculture. While this provided insights into some of the challenges faced by these households in growing food in the city, it provided no sampling frame and therefore no sense of how typical these households were. Other studies suggest that participation rates in urban agriculture are very limited in Windhoek due to land shortages, the arid climate, and lack of inputs [52] .
In our 2016 survey of Windhoek's informal settlements, less than 10% said they grow any of their own food or keep livestock for food in the city. Seeking to understand why urban agriculture is not greening Windhoek's informal food deserts, respondents were asked to agree or disagree with a set of statements about the obstacles to growing their own food. Interestingly, as Table 8 shows, the threat of theft or produce proved to be the biggest impediment (with 69% in agreement). More conventional disincentives were also cited by most respondents including land shortage (68%), a lack of inputs (64%) and poor soil quality (51%). Half of the respondents agreed that they lacked the skills to grow food and a similar proportion said it was easier to buy food than grow it. There was uncertainty about whether municipal regulations allowed them to practice urban agriculture. A significant minority (45%) had no interest in growing food or did not have the time or labor (39%). A few households grew some food in rural areas or received food from relatives in rural areas. While there is some food sharing in the informal settlements, the number of beneficiaries is small (less than 10%). This may not be because households are unwilling to share but rather that they barely have enough for their own survival. None of these coping mechanisms have any significant impact on overall levels of food insecurity in Windhoek's informal urban food deserts.
Conclusions
Much of the literature on informal settlements in African cities focuses on housing, sanitation, and infrastructure. Food receives much less attention despite its central importance to daily survival. UN-Habitat's list of key urban challenges does not even mention food security as a concern, for example [63] . Similarly, while Sustainable Development Goal (SDG) 11 provides a list of targets for the achievement of sustainable cities by 2030, food security is absent. The reasons for the neglect of urban food deserts in the international food security agenda relates to the pervasive anti-urban bias in the global food security agenda [64] . Rapid urbanization in Africa is leading to the explosive growth of informal settlements which are particularly intense and chronic spaces of deprivation and vulnerability. They are also sites of high levels of food insecurity despite the ubiquitous presence of food. In terms of the Africa-appropriate definition used in this paper, informal settlements also qualify as food deserts.
The traditional conception of food deserts was developed to describe the lack of physical access to healthy food in poorer areas of UK and North American cities. The inaccessibility of supermarkets is seen as a key driver of food desertification. Critics of the food deserts concept have argued that it is inappropriate for Africa, not least because supermarkets have a marginal presence in most African cities. This characterization is not true of many cities in the southern part of the continent where urban food systems are dominated by supermarkets and their supply chains. In the case of Windhoek, Namibia, supermarkets command a majority share of the food retail market and are also physically accessible to the residents of the city's burgeoning informal settlements. However, as we show in this paper, supermarket patronage by households in the city's food deserts is targeted at monthly bulk purchase of key staples. Other healthier foods are available but are unaffordable for the majority.
In addition to the supermarkets, there are numerous formal and informal food outlets both within and near the informal settlements. However, urban agriculture is unviable, leaving households reliant on occasional transfers of food from the rural north to diversify their diet. The high levels of food insecurity in Windhoek's informal settlement food deserts documented here are therefore not a function of the lack or physical inaccessibility of food. Rather, they are due to economic inaccessibility and the inability of most households to secure sufficient income to meet their basic needs, and to purchase food in sufficient quantity and of sufficient diversity to ensure a balanced and nutritious diet for all household members.
